Objective: Neonatal intubation is a life-saving procedural skill required by pediatricians. Trainees receive insufficient clinical exposure to develop this competency. Traditional training comprises a Neonatal Resuscitation Program (NRP) complemented by clinical experience. More recently, simulation is being used in procedural skills training. The objective of this study is to examine the impact of a simulation session, which teaches the skill of neonatal intubation by comparing pre-and post-intervention performance, and examining transferability of skill acquisition to the clinical setting.
Introduction
Neonatal intubation is a life-saving procedural skill required by physicians caring for the newborn. However, due to increasing trainee numbers, decreasing length of clinical rotations and an overall reduction in the number of intubations performed in the clinical setting, pediatric trainees receive insufficient clinical exposure to develop this competency. Anesthesia literature suggests that more than 40 procedures are necessary to become competent in the skill of intubation.
1,2 However, Leone et al. 3 have previously demonstrated a reduction in the mean number of intubation opportunities per pediatric resident throughout training, with a corresponding reduction in the number of successful intubations performed. Other studies have shown that trainees, even on completion of their training, are frequently not competent in their performance of this technical skill. 4, 5 We have previously demonstrated that the success rate and overall quality of neonatal intubations performed by our neonatal and pediatric trainees is suboptimal, and the average time taken to intubate significantly exceeds Neonatal Resuscitation Program (NRP) recommendations. 6 The NRP is designed to aid in learning the cognitive and technical skills required for resuscitation of the newborn. 7 Included in the course content are practical skill training sessions, during which the procedure of neonatal intubation is taught, usually with low technological mannequins. All personnel involved in the care of the newborn should have completed NRP training. Acquisition of skill in endotracheal intubation has usually comprised completion of NRP with subsequent accumulation of variable degrees of clinical experience accompanied by ad-hoc and inconsistent teaching methods. More recently, simulation is increasingly used in additional practical skills training. Simulation enables repeated procedural exposure in a safe environment without concern for patient safety. In contrast with traditional ad-hoc clinical exposure, training can be delivered in a standardized manner for all trainees. Studies suggest that simulation may be a useful tool in teaching airway management skills. 8, 9 However, transferability of skill acquisition to the clinical setting is often not assessed. A recent pediatric study examining the effect of simulation-based intubation refresher training showed no improvement in subsequent clinical performance. 10 To date within the neonatal literature, there are limited data examining the role of simulation in teaching intubation and, in particular, its impact on subsequent performance within the clinical environment.
Objectives
The primary objective of this study was to assess the impact of a simulation-based intubation training session by comparing preand post-intervention performance within the simulation environment. Secondary objectives were to examine transferability of skill acquisition to the clinical setting and to compare postintervention real-life performance with a number of intubations performed by a historical cohort of residents.
Methods

Study design/setting
This was the third stage of a three-phase study conducted by our group. The first two stages involved the collection of baseline data assessing procedural competency in our pediatric and neonatal trainees, and the development and validation of an intubation checklist (CL). 6 In this final phase, first-year pediatric residents were invited to participate in a prospective observational pilot study, which involved participation in a 2-h intubation education session. All trainees had completed NRP training within the preceding 2 months, but none had prior neonatal clinical experience. Pre-intervention evaluation All residents had completed NRP training within the preceding 2 months and had therefore already received the current standard in intubation training. Before participation in the study training session, residents were asked to perform the skill of intubation on a high-fidelity computerized mannequin. The mannequin was attached to a monitor that delivered heart rate, oxygen saturations and respiratory rate. The mannequin was capable of being intubated and bag-mask ventilated. Differential air entry could be discerned on auscultation and by resistance on administration of positive pressure. Procedural performance was assessed for each resident using a neonatal intubation CL previously validated by our group, and a five-point global rating scale (GRS). 6 The intubation CL was a 13-point binary CL comprising the individual components of the procedure (Supplementary Appendix A). The two RT conducting the education session had received previous training and practice in use of the CL and GRS.
Intervention
Following the initial assessment, the residents participated in a 2-h training session ( Figure 1 ). The session took place in a classroom away from the NICU. The mannequin was placed on a standard infant resuscitaire in the middle of the room, with the monitor placed at the head of the resuscitaire within easy view. Residents were provided with standard NICU intubation equipment, including laryngoscopes and blades, endotracheal tubes of varying sizes, Magill forceps, stylets, a suction device, a flow-inflating bag connected to an oxygen source and a selection of neonatal masks.
The education session comprised a didactic component along with a demonstration by the facilitators of the procedural skill. The didactic teaching covered the individual aspects of the procedure, including those aspects evaluated on the CL. Residents were taught and shown the appropriate equipment for neonates of varying birthweights and gestational ages. The residents were then given the opportunity to practice the skill on the infant mannequin until such a point when they felt comfortable performing the procedure. Throughout the practice session, they were provided with concurrent feedback to assist their learning. Following procedural practice, they were also provided with two clinical intubation scenarios (one term infant and one preterm infant) and were expected to perform the procedure in real time, using the appropriate equipment for the simulated scenario. They were expected to rely entirely on the mannequin for physiological feedback as in the real-life setting and respond with appropriate interventions. Summary feedback was provided on completion of the scenario.
Post-scenario evaluation
On completion of the 2-h training session, procedural skill of the residents was again assessed on the mannequin, using the aforementioned intubation CL and GRS.
Real-life evaluation. The same residents were then followed during their subsequent 8-week clinical rotation in the NICU and performance of real-life intubations was assessed, using the same scoring tools (CL and GRS). Assessment was performed by members of the respiratory therapy team, trained in the use of the scoring tools during the previous validation study conducted in our unit. 6 Intubation attempts were limited to two per resident, in keeping with unit policy. If more than one attempt was required, the higher score was used for comparison.
Comparison with intubations performed by historical cohort of residents who received no training intervention. Real-life performance of the study group of trainees was also compared with the intubation performance of a historical cohort group of first-year pediatric residents who had completed their neonatal rotation the previous year. This group did not receive any teaching intervention and their real-life performance had been assessed as part of our CL validation study. 6 Data analysis All participants were assigned study identification numbers and all data was recorded anonymously. Descriptive statistics were used to analyze characteristics of intubation attempts. Comparative data were analyzed using a Student's t-test or w 2 -test as appropriate. Comparison of pre-, immediate-post intervention and real-life performance of the study group were compared using analysis of variance. A P-value of <0.05 was considered significant.
Results
Thirteen trainees were invited and agreed to participate in the educational sessions over the duration of the study period. Although trainees had recently completed NRP training, no participants had any previous neonatal clinical experience. Mean preintervention CL score was 65.4 ± 18% (s.d.) and GRS was 3 ± 0.7 (s.d.). Performance improved significantly, following the training intervention with post-training CL score of 93±5% (P<0.0001) and GRS of 3.92 ± 0.4 (P ¼ 0.0003) (Figures 2 and 3) .
This group of trainees subsequently performed 40 intubations during their 8-week NICU rotations, with a mean success rate Figure 1 Schematic illustrating study design.
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(defined as insertion of an ETT into the trachea on the first or second attempt) of 67.5%. Characteristics of the intubation attempts are shown in Table 1 . Success rate was not significantly different to the mean success rate of 63.15% for the cohort group who received no training intervention (P ¼ 0.06). Mean real-life CL score for the intervention group was 64.6±20%, which was significantly lower than the mean cohort CL score of 82.5 ± 15.4% (P ¼ 0.001). Mean real-life global rating score was 2.95 ± 0.83; however, GRS were not available for comparison for our cohort group. Performance of the intervention group essentially returned to baseline with pre-intervention and real-life CL scores of 65 ± 18% and 64.63%, respectively (NS), and pre-intervention and real-life GRS scores of 3.0±0.7 and 2.95±0.86 (NS), respectively. A one-way analysis of variance was used to test performance of the intervention group pre-and post-intervention and in the real-life situation. CL score varied significantly F (2, 62) ¼ 13.106, P<0.0001 as did GRS F (2,59) ¼ 8.6, P ¼ 0.001.
The 13 components of the binary CL were compared between the intervention and cohort groups, and there were no significant differences in the completion of the individual skills (Table 2) . Mean time taken to intubate was 59.94 ± 24.31 s in the cohort group and 71.23±38.6 s in the intervention group (P ¼ 0.24).
Discussion
In this study, we demonstrated a significant educational impact of a simulation-based training session when immediate post-test performance was assessed within the simulation environment. However, when subsequent real-life performance was evaluated, not only did trainees perform less well in the clinical setting than in the simulation environment, but they actually obtained lower CL scores when compared with a historical cohort of first-year residents who received no training intervention.
There are a number of reasons why the skills acquired within the simulation setting may not be transferred to the real-life environment. Trainees may feel greater anxiety knowing that this is a real patient and there is pressure to successfully intubate within the recommended time limit, particularly when a baby is unstable. Previous work has shown that excessive stress negatively impacts procedural performance and doubles the time taken to complete manual tasks. 11 There are also a number of important anatomical differences to consider. Infants, particularly the preterm baby, have large heads relative to their body size and this can sometimes make positioning more challenging. Secretions and airway edema resulting from previous intubations may also make the anatomy more difficult to delineate. Infants with chronic lung disease often have limited reserves and do not tolerate the procedure, making it potentially more challenging. Finally, although our unit adopts a policy of using premedication for elective intubations, in situations where medications are not used, patient activity may potentially impact success.
The failure of retention of improved procedural performance may also be influenced by the feedback methods incorporated in the training session. Concurrent feedback, as opposed to summary feedback, was delivered during the educational session. Concurrent feedback is described as 'supplementary information presented to the learner during the actual action,' 12 whereas summary feedback is provided 'on completion of the skill'. 13 Schmidt and Bjork 14 have shown that practice performance improves equally with both concurrent and summary feedback, but summary feedback results in better learning when re-evaluated after a rest period with no feedback. This is likely the result of dependence on feedback cues learned during the delivery of concurrent feedback.
Not only did the residents in this group perform less well in the real-life situation, but they also achieved lower CL scores when compared with a historical cohort of first-year residents who did not receive any additional teaching intervention. They also took Clinical impact of simulation based intubation training E Finan et al longer to intubate, but this was not statistically significant. The cohort group had not received teaching with regard to the components of the CL, which was being used to evaluate their performance, as this was the baseline data collected as part of our previous study. 6 Although these residents were completing their first 8-week NICU rotation and had no prior NICU experience, they were in the latter stages of their first year of residency and, as such, may have been more confident, which may have positively impacted their performance. It is also possible that they may have accumulated other pediatric intubation experience before commencing their NICU rotation and this too could have resulted in improved performance on the CL items.
This study highlights the need for caution in assessing the impact of educational interventions. Kirkpatrick 15 describes four levels of training evaluation, these being:
Reaction of student -what they thought and felt about the training Learning -the resulting increase in knowledge or capability Behavior -extent of behavior and capability improvement and implementation/application Results -the effects on the patient or environment resulting from the trainee's performance Although pre-and post-intervention performance measures are traditionally used to assess the effectiveness of medical education interventions such as resuscitation training courses, it is important to aim towards the third and fourth levels of evaluation to assess the effectiveness of training in altering overall behavior. Evaluation at the first two levels, although easy to perform, may be falsely reassuring to both the teacher and trainee. In this study, according to the Kirkpatrick model, we demonstrated effectiveness at the second, but not at the third level.
There are a number of limitations in this study, which should be recognized. We did not collect baseline demographic data on our intervention or cohort groups of trainees. Although we know that all had recently completed NRP within the preceding 2 months and none had any previous neonatal exposure, it would be useful to know if they had intubation experience with adult or pediatric populations or previous simulation exposure. Other limitations are the fact that the RT conducting the educational session were not blinded in their assessment of the trainees post intervention, and evaluators for the teaching sessions were not the same as for the subsequent real-life intubations. Although the CL has specific binary questions, the GRS scale is more subjective and, as such, may be susceptible to bias by the assessor. As this was a pilot observational study, a convenience sample of 13 was obtained and it was not powered to demonstrate a significant effect. Finally, it is important to note that the intubations used for comparison were a sample obtained from our historical cohort group of residents the previous year. As the data was collected anonymously with only the level of intubator recorded, we do not have information on how many intubations were performed by each resident in this group.
Conclusion
Trainees showed a significant improvement in intubation skills immediately post intervention, but this did not translate into improved clinical performance with deterioration in their performance scores to pre-intervention levels within 8 weeks, measured in a clinical setting. In fact, higher CL scores were achieved by the cohort group of residents who did not receive additional training. These data suggest that improved performance in the simulation environment may not be transferable to the clinical setting. They also suggest that caution should be used in interpreting immediate post-intervention improvement as the overall improved skill acquisition, and support the evidence that although concurrent feedback may lead to improved performance immediately post-training intervention, this does not result in improved learning. The simulation environment presents a unique opportunity to learn and practice skills and interventions without risk of adverse events. Where neonatal intubations are concerned, however, the opportunity to enhance skill acquisition through clinical practice remains important for improving performance in the real-life situation.
